INTRODUCTION
Cerebral asymmetry is used as a means of describing distribution of electroencephalographic (EEG) activity measured on the scalp. It is defined as the difference in activation in specified frequency bands between two regions of the brain located usually in different hemispheres. This measure is based on the power spectral analysis (PSA), which establishes the frequency and proportion of the different rhythms of the EEG, as a way to compare cerebral activity between two recording sites. As sleep deepens, activation, neuronal activity, information processing, decrease, and higher proportion of the slower frequency bands is found. Hence, increase in fast frequency bands suggests more information processing and arousal. Increased activation in a region is the result of increased high frequency activity and/or decreased lower frequency activity. Homogeneous distribution of the proportion of the specific frequency band (symmetry) is reflected through low asymmetry scores whereas higher scores represent a greater discrepancy between the two hemispheres (asymmetry). While the first studies were aimed at identifying brain regions related to certain emotions or personality traits (Silberman and Weingartner, 1986; HarmonJones and Allen, 1998) , more recently, clinical populations became the main interest in asymmetry studies. The stability over time of the cerebral asymmetry, its rapidity of measurement (usually 1 min of EEG recording), and the unique patterns of asymmetry found in clinical population accounted for the attention it received.
Mood and anxiety disorders are among pathologies investigated the most by way of cerebral asymmetry. In patients suffering from depression, remitted from depression, or presenting depressive symptoms, more alpha power was found in the right than left mid-frontal region, therefore a decreased left frontal activation was associated to the disorder Davidson, 1990, 1991; Gotlib et al., 1998) . This unique pattern of activation is considered by many as the marker of a vulnerability to depression. Indeed, the left frontal deactivation has been found to correlate with Beck Depression Inventory scores (Beck et al., 1988b; Jacobs and Snyder, 1996) . At posterior sites, higher activation was measured in the left parietal region compared with the right one (more alpha power) in depression sufferers (Henriques and Davidson, 1990) . However, when depression and anxiety disorders coexist, higher activation is found in the right posterior region (Bruder et al., 1997; Metzger et al., 2004) . These conclusions were all based on EEG recordings during wake. In sleep, asymmetry in depression is increased in rapid eye movement (REM) sleep compared with non-rapid eye movement (NREM) sleep and shows more beta, theta, and delta percentages in the right central region than the left one, again implying a deactivation of the left side (Armitage et al., 1993) .
As psychopathologies are usually diagnosed by the report of symptoms by the patient, it is sometimes difficult for physicians and psychologists to define the problem. The use of techniques such as asymmetry could provide support for diagnosis purposes and the choice of appropriate treatment. However, many diagnoses have not yet been investigated by means of cerebral asymmetry. It appears important to examine other psychopathologies in order to confirm the uniqueness of asymmetry patterns already associated with some disorders or to relate them to other psychopathologies. Sleep disorders and, in particular, chronic primary insomnia, are amongst pathologies for which asymmetry has not yet been described. As a symptom, insomnia is a diagnosis criterion of depression, dysthymia, generalized anxiety, post-traumatic stress disorders, and other disorders [American Psychiatric Association (APA), 2000]. As a syndrome, insomnia can also coexist with depressive or anxious symptoms and other psychopathologies (Specchio et al., 2004) . Considering the high comorbidity rates between insomnia and other disorders (prevalence rates ranging from 40 to 88% according to different studies) and that depressive and anxious symptoms are more often found in insomnia sufferers than controls (Bonnet and Arand, 1997; Weissman et al., 1997; Vgontzas and Kales, 1999; Hall et al., 2000; Perlis et al., 2001a) , it is very plausible that insomnia sufferers would present similarities with depression and anxiety disorders on cerebral asymmetry measures. Since the cerebral asymmetry pattern associated with insomnia is still unknown, and previous studies assessing asymmetry in different psychopathologies have not controlled for insomnia, it remains unclear if it might contribute or relate to cerebral asymmetry found in other pathologies.
Primary insomnia is a mental disorder consisting of a complaint of difficulty falling asleep, maintaining sleep, or nonrefreshing sleep causing distress or altering one's functioning [Diagnosis of Statistical and Mental Health Disorders-IV-TR (DSM-IV-TR); APA, 2000] that is not attributable to another medical or mental disorder nor to substance use, and lasts at least a month. According to The International Classification of Diseases (ICD-10, World Health Organization, 1992) and the International Classification of Sleep Diseases (ICSD) (American Sleep Disorders Association, 1990), primary insomnia should last at least 6 months in order to be qualified as chronic. The ICD-10 (WHO, 1992) adds that sleep difficulties must be presented at least three times per week. ICSD sub-classifies the insomnia diagnosis according to the origin or presentation of sleep problems such as psychophysiological and paradoxical subtypes. Patients suffering from psychophysiological insomnia are assumed to be conditioned by sleep related stimuli of the environment (e.g., bedroom) or bedtime routine, which are then associated in the patient's mind with the anxiety, fear, or frustration of having difficulties sleeping (Hauri and Fisher, 1986; Espie, 2002; Harvey, 2002) . Consequently, their level of arousal is increased, preventing them from a good night sleep. As for paradoxical insomnia, it may be that a complaint of insomnia is formulated when polysomnography (PSG) recordings correspond to the normative data for the age group, or else, that a significant difference exists between PSG data and their subjective estimations [e.g., sleep length, sleep-onset latency (SOL), sleep efficiency (SE); Edinger et al., 2004] .
Insomnia has been explained and described by several models positing either cognitive arousal (Harvey, 2002) , inhibition of deactivation processes (Espie, 2002) , or cortical arousal (Perlis et al., 1997) . Indeed, physiological, cognitive, and emotional measures have supported the hyperarousal models during wake and sleep (Monroe, 1967; Freedman and Slattler, 1982; Freedman, 1986; Morin et al., 1993; Bonnet and Arand, 1995; Mitchell, 1997; Harvey, 2000; Wicklow and Espie, 2000) . Some authors have also reported that hyperarousal is reflected in the macrostructure of sleep (Frankel et al., 1976; Gaillard, 1976; Merica et al., 1998) . As for the microstructure of sleep of insomnia sufferers, a higher proportion of faster frequency waves (usually beta) in the EEG spectrum is observed (Perlis et al., 1997) . In addition, some reports suggest that psychophysiological and paradoxical insomnia subtypes present differences in cortical activation. For example, in NREM sleep, Para-I present higher absolute spectral amplitude of the 12.5-to 30-Hz waves compared with Psy-I and good sleeper (GS) controls (Krystal et al., 2002) .
Since previous PSA studies most often documented cortical activity only at the C3 site, the repartition of higher activation in insomnia is poorly documented. In that regards, we have shown that differences between GS and insomnia subtypes do not reside only at central sites (St-Jean and Bastien, 2007; St-Jean et al., in preparation) . Mostly in NREM, more absolute delta activity at F3, C3, and P3 was observed in Para-I compared with Psy-I suggesting a deactivation of the left hemisphere in Para-I and/or hyperactivation in Psy-I. At P3 especially, Para-I had a peculiar pattern of activation: in addition to higher activity in the delta band, they also presented more gamma activity than GS and Psy-I, therefore combining higher activity in slower and faster frequency bands. Moreover, our group found between nights variability in absolute powers in faster frequency bands (beta to omega): the high frequency activity at F3, F4, and C4 specifically revealed to be less stable over the two nights of recording (St-Jean and Bastien, 2007) . Observing differences between groups and nights at precise electrode sites suggests an uneven distribution of EEG activity in many frequency bands across hemispheres and regions. By targeting regions where cortical arousal associated with insomnia is usually present, and by using cerebral asymmetry (thus measuring differential cortical activity between sites), we should be able to improve our understanding of hyperarousal in insomnia. In addition, documenting asymmetry in insomnia might shed some light on the relative contribution of this disorder to other pathologies for which insomnia is a symptom (such as anxiety and depression). Moreover, considering that sleep difficulties in insomnia may vary from night to night (Vallières et al., 2005 (Vallières et al., , 2011 and that our group found fluctuations in PSA across nights as well, it appears important to assess the variability of cerebral asymmetry in insomnia over nights.
The aim of this study is to evaluate cerebral asymmetry in order to describe the relative regional cerebral activation and locate activation specificities in psychophysiological and paradoxical subtypes of chronic insomnia compared with a sample of GS controls. It is hypothesized that (a) both groups of insomnia sufferers will present greater asymmetry in frontal and parietal sites compared with GS and that Para-I will present greater asymmetry than Psy-I as predicted by the level of depressive and anxious symptoms usually found in those population; (b) the measured asymmetry will correlate with the level of depressive and anxious symptoms determined by BDI and Beck Anxiety Inventory (BAI) scores; (c) and that asymmetry scores will be stable from night to night as they relate to a condition (diagnosis and frequently associated symptoms).
MATERIALS AND METHODS

PARTICIPANTS
Volunteers from 25 to 55 years of age were recruited through local newspaper advertisements. On the basis of the three group criteria, 26 Psy-I (14 females, 12 males), 20 Para-I (14 females, 6 males), and 21 GS (12 females, 9 males) participated in this study. Participants had a mean age of 40.21 (9.38) years.
Control group
Good sleeper must have shown, on the 2-week sleep diary (SD) completed before laboratory nights, less than three nights with sleep difficulties (i.e., SOL or awakenings of more than 30 min or a total sleep time "TST" of less than 6.5 h) per week, as well as a SE of 85% or more, and a mean TST between 6.5 and 8.5 h per night. On the Index of Severity of Insomnia (ISI; Morin, 1993) , GS had to report no sleep difficulty and no complaint of daytime difficulty related to sleep and a score less than 8. During laboratory nights, participants who obtained an objective SE of less than 85% on Nights 2 and 3 were discarded from the study.
Insomnia group
Insomnia participants had to report at least three nights per week of sleep difficulty (i.e., SOL or awakenings of more than 30 min or a TST of less than 6.5 h) as well as SE of less than 85% in 2 weeks of completed sleep diaries. Moreover, they had to report at least one moderate negative daytime consequence attributed to the loss of sleep and a score higher than 15 on the ISI. The difficulties lasted more than 6 months and were not secondary to another medical, psychological, or sleep disorder or to medication.
Sub-classification of insomnia: psychophysiological or paradoxical
After comparing Para-I classifications in recent studies, criteria suggested by (Edinger et al., 2004) were operationalized. In order to be classified as a Para-I participant, insomnia sufferers had to show on two consecutive PSG recording nights: (a) a TST of more than 380 min or a SE of at least 80%, as well as (b) an overestimation ≥60 min of their SOL, an underestimation ≥60 min of their TST or ≥15% difference in their SE on the basis of PSG recordings and laboratory sleep diaries. The above criteria were preferred over published minimal 390 min TST and 85% SE (Edinger et al., 2004) since several participants presented a TST between 380 and 390 min and SE between 80 and 85%, i.e., near the thresholds. The Psy-I group included participants with (a) a TST under 380 min or a SE lower than 80%, as well as (b) an overestimation ≤60 min of their SOL, an underestimation ≤60 min of their TST or ≤15% difference in their SE on the basis of PSG recordings and laboratory sleep diaries. Fourteen PI participants were excluded because of the presentation of important discrepancies between objective and subjective sleep estimation (meeting criteria b) while objective sleep difficulties were also observed (not reaching criteria a). Therefore they corresponded to neither insomnia sub-group.
Exclusion criteria
Participants were excluded if they suffered from another: (a) Axis I disorder (e.g., depression, anxiety disorder); (b) insomnia subtype (e.g., idiopathic insomnia); (c) sleep disorder such as sleep apnea (apnea-hypopnea index >15) or restless leg syndrome (myoclonic index with arousal >15); or (d) a medical disorder affecting sleep or causing pain (such as diabetes, arthritis, restless leg syndrome). In addition, the use of: (a) prescribed or over the counter sleep aids (in the insomnia group, a 2-week withdrawal was necessary before completing any questionnaire); (b) medication affecting sleep (e.g., beta-bloquant, anxiolytics); or (c) alcohol to promote sleep excluded the participant. Individuals undergoing psychological treatment as well as those who usually went to sleep later than midnight or awoke before 5:00 am were also excluded since the laboratory schedule could not accommodate these latter ones. Furthermore, only right handed participants were selected in this study in order to provide homogeneous profiles of cerebral activity within groups.
RESEARCH PROTOCOL
All participants were recruited through newspaper advertisements. Following a telephone interview, eligible participants were mailed questionnaires aimed at evaluating the presence of psychological symptoms (BDI, Beck et al., 1988b; BAI, Beck et al., 1988a) , sleep (2-week of daily sleep diaries) as well as severity of sleep disturbances (ISI). Upon receipt of questionnaires, prospective participants were invited for a clinical interview at the research center. Upon arrival, informed consent was obtained. The Structured Clinical Interview for DSM-IV (SCID-I; Williams et al., 1992) and the insomnia diagnostic interview (IDI; Morin, 1993) were then administered. These evaluations were conducted respectively by a clinical psychologist and a sleep specialist. After the clinical evaluation, included participants were further invited to undergo four consecutive nights of PSG recordings at the sleep laboratory. Each participant received an honorarium for his or her participation in the study. Participants were instructed to arrive at the sleep laboratory at around 8:00 pm each night for electrode montage and preparation. Participants were asked to refrain from alcohol, drugs, excessive caffeine, and nicotine before coming to the laboratory. Participants were asked to stay in bed between 7 and 9 h during PSG recordings for all nights. Bedtime was fixed between 21:00 and 00:00, and wake time was fixed between 05:00 and 08:00. Their usual sleeping schedule was accommodated as best as possible (±30 min). For all participants, lights-out was initiated after a bio-calibration. The complete protocol was approved by the Comité d'éthique de la recherche du Centre de recherche Université Laval Robert-Giffard.
A standard PSG montage was used, including EEG (including F3, F4, Fz, C3, C4, Cz, P3, P4, Pz, O1, and O2), electromyographic (EMG; chin), and electro-oculographic (EOG; left and right: supra-orbital ridge of one eye and the infra-orbital ridge of the other) recordings. Electrodes were referred to linked mastoids with www.frontiersin.org a forehead ground and interelectrode impedance was maintained below 5 kΩ. In addition, respiration and tibialis EMG were monitored during the first night of PSG recording in order to rule out sleep apnea and periodic limb movements. Participants diagnosed with another sleep disorder were excluded and referred to an appropriate sleep specialist. A Grass Model 15A54 amplifier system (Astro-Med Inc., West Warwick, USA; gain 10000; bandpass 0.3-100 Hz) was used. While PSG signals were digitized at a sampling rate of 512 Hz using commercial software product (Harmonie, Stellate System, Montreal, Canada). Sleep recordings were scored visually (Luna, Stellate System, Montreal, Canada) by qualified technicians according to standard criteria (Rechtschaffen and Kales, 1968 ) using 20-s epochs and reliability checks were conducted by an independent scorer to insure a minimum of 85% inter-scorer agreement. Even if sleep scoring was done before the publication of the most recent guidelines (Iber et al., 2007) , we chose to keep the original scoring since this one is more appropriate when research uses quantitative analyses of the EEG or finer techniques of EEG analyses (e.g., event-related potentials; ERPs). In addition of being the screening night for sleep disorders other than insomnia, Night 1 constituted an adaptation night. ERPs protocols (presentation of auditory sounds, tone-pips) were introduced before sleep and after the last awakening (end of the night) of Night 3, repeated on Night 4 as well as being presented at sleeponset and all night on Night 4. Consequently, clinical sleep data reported here were derived from Nights 2 and 3 only.
Power spectral analysis
Power spectral analysis was conducted at multiple EEG sites (F3, F4, Fz, C3, C4, Cz, P3, P4, Pz) by computing fast Fourier transforms (FFT). EMG artifacts were detected automatically and rejected from the spectral analyses (Brunner et al., 1996) . Further artifacts were eliminated by visual detection. Manual selection of portions of the nights for PSA included parts of each sleep stage (1-4 and REM) of each sleep cycle, excluding mini-arousals (0.1-7 s), micro-arousals (7.1-14.9 s), and arousals (15 s and longer), movement time, movements, or artifacts, as well as the 5-min before and after a stage shift. However, in a cycle, if no uninterrupted period of a specific sleep stage longer than 10 min was available for selection in a cycle, a portion of this sleep stage was still selected although excluding the first and last 40 s.
Power spectral analysis was computed on consecutive 4 s epoch, with a resolution of 0.25 Hz, and EEG segment length of 20 s. Frequencies were defined as follows: slow waves (0-1 Hz), delta (1-4 Hz), theta (4-7 Hz), alpha (7-11 Hz), sigma (11-14 Hz), beta1 (14-20 Hz), beta2 (20-35 Hz), gamma (35-60 Hz), and omega (60-125 Hz). Absolute power spectral values of REM and NREM sleep were log transformed to normalize the distributions. Asymmetry measures were computed at frontal, central, and parietal sites of these cerebral lobes by subtracting powers in the left hemisphere from powers in the right one for each frequency band and pairs of electrodes (Central: C3-C4; Frontal: F3-F4; and Parietal: P3-P4).
QUESTIONNAIRES AND INTERVIEWS
Sleep diary
The SD (Morin, 1993 ) is a daily journal used to assess subjective sleep quality. The various sleep-wake parameters derived for this study were sleep-onset latency (SOL), referred to as the amount of time from initial lights-out to sleep-onset (defined as the first minute of consolidated stage 2 sleep); wake after sleep-onset (WASO), defined as the amount of time awake from sleep-onset until the last awakening; early morning awakening (EMA), referred to as the amount of time awake from the last awakening to arising time; frequency of awakenings (FNA), defined as total number of awakenings during the night; total wake time (TWT), obtained by summing SOL, WASO, and EMA; TST, referred to as the subtraction of TWT from the amount of time in bed (TIB); and finally, SE, defined as the ratio of TST divided by TIB, expressed as a percentage. The SD is usually completed upon arising each morning for a 2-week baseline period in order to provide a stable index of sleep complaints (Lacks and Morin, 1992) . In addition, our participants completed the SD each morning upon awakening in the sleep laboratory. A mean was calculated for each of the derived variables.
Insomnia severity index
The ISI (Morin, 1993 ) is a reliable and valid brief self-report instrument that yields a quantitative index of perceived insomnia severity (Bastien et al., 2001 ). The ISI comprises seven items targeting the severity of sleep disturbances, the satisfaction relative to sleep, the degree of impairment of daytime functioning caused by the sleep disturbances, the noticeability of impairment attributed to the sleep problem as well as the degree of distress and concern related to the sleep problem. Each item is rated on a five-point Likert scale and the total score ranges from 0 to 28. A higher score reveals more severe insomnia. The ISI partly reflects the diagnostic criteria outlined in the DSM-IV (APA, 2000).
Insomnia diagnosis interview (Morin, 1993)
The IDI is conducted in a semi-structured format and assesses the presence of insomnia and potential contributing factors. It is designed to identify (a) the nature of the complaint, (b) the sleepwake schedule, (c) insomnia severity, (d) daytime consequences, (e) the natural history of insomnia, (f) environmental factors, (g) medication use, (h) sleep hygiene factors, (i) the presence of other sleep disorders, (j) the patient's medical history and general health status, and (k) a functional analysis for antecedents, consequences, precipitating, and perpetuating factors.
Structured clinical interview for DSM-IV (Williams et al., 1992)
This structured interview is constructed to identify Axis 1 disorders according to DSM-IV criteria. It consists in five modules: mood episodes, psychotic and associated symptoms, psychotic disorders, mood disorders, substance use disorders, anxiety disorders, somatoform disorders, eating disorders, and adjustment disorders.
STATISTICAL ANALYSES
One-way ANOVAs and chi-square were computed to compare groups on socio-demographic, psychological, and sleep characteristics. Then, mixed model ANOVAs, including four fixed factors [group, three levels (GS, Psy-I, and Para-I); night, two levels; sleep cycle, six levels; and sleep stage, two levels (REM and NREM)] and one dependant variable (asymmetry) were performed for each cerebral region (frontal, central, and parietal) and frequency band individually. Significance levels were set at 0.05. Because of the Frontiers in Neurology | Sleep and Chronobiology exploratory nature of the study, the considerably large number of analyses, and consequently lower statistical power, applying a conservative correction for type 1 error was not possible. However, interpretation of the results were limited to the hypotheses, i.e., groups and nights effects and their interactions. As the main hypotheses refer to differences between groups, Tukey post hoc tests were performed only on significant main effects of group and first order interactions including this factor. A Bonferroni correction was applied when needed.
RESULTS
Statistical analyses showed that GS, Psy-I, and Para-I were similar according to gender, χ 2 (2, n = 67) = 1.31, p = 0.52, and age, F (2, 64) = 0.48, p = 0.62. As expected, Psy-I and Para-I, compared to GS, had higher scores on the severity index of the ISI, F (2, 61) = 65.14, p < 0.001, this higher score being indicative of greater severity of insomnia symptoms. Also, both groups of insomnia sufferers expressed more depressive and anxious symptoms than GS as reported on the BDI, F (2, 62) = 8.40, p < 0.01, and BAI, F (2, 59) = 8.69, p < 0.001. Nonetheless, all participants remained under the clinical threshold for psychiatric syndrome. Table 1 presents means and SDs for each of the above variables. Table 2 shows mean objective and subjective sleep measures for laboratory Nights 2 and 3. By a significant group effect, F (2, 62) = 15.45, p < 0.001, and Tukey post hoc tests, analyses revealed that GS, Psy-I, and Para-I reported different subjective SOL (all ps ≤ 0.05), with GS reporting the shortest and Para-I the longest. GS reported shorter WASO, F (2, 61) = 23.70, p < 0.001, compared with both groups of insomnia and Para-I reported longer WASO than Psy-I (all ps ≤ 0.01). Subjective TST was different between all three groups, F (2, 62) = 31.46, p < 0.001, with GS presenting the longest and Para-I the shortest (all ps ≤ 0.03). Again, all three groups were different as for the SE computed with subjective measures of sleep, F (2, 62) = 42.36, p < 0.001: Para-I had the lowest and GS the highest percentage of SE (all ps ≤ 0.01). No significant night effects or Group × Night interaction were found suggesting similar subjective estimates of sleep on Night 2 compared with Nigh 3 within groups.
SUBJECTIVE SLEEP MEASURES
OBJECTIVE SLEEP MEASURES
On objective measures (PSG), a significant group effect, F (2, 64) = 4.54, p = 0.01, and post hoc indicated that Psy-I presented significantly longer SOL than GS (p = 0.01). A significant night effect revealed that WASO was longer on Night 2 than Night 3, F (1, 64) = 4.74, p = 0.03, and a significant group effect, F (2, 64) = 131.12, p = 0.001, showed that GS had shorter WASO than Psy-I (p = 0.01). TST was longer on Night 2 than Night 3 according to the significant Night effect, F (1, 64) = 4.99, p = 0.03. However, all three groups were similar according to TST. As for SE measures, only a significant group effect was found, F (2, 64) = 11.82, p < 0.01, suggesting that Psy-I had lower SE compared with GS (p ≤ 0.001). Differences in SE between GS and Para-I and between Psy-I and Para-I did not reach significance (p = 0.05 and p = 0.06, respectively). As for the time spent in each sleep stage (minutes) and its proportion (%), there were no differences between nights or group as for stage 1, stage 3, and REM sleep. The time spent in stage 2 was longer on Night 2 than Night 3, as revealed by a significant night effect, F (1, 64) = 6.45, p = 0.01. Significant group effects indicated that the time, F (2, 64) = 3.79, p = 0.03, and proportion of stage 4, F (2, 64) = 3.66, p = 0.03, differed between groups: GS had less time and proportion of their nights spent in stage 4 compared to Para-I (p < 0.05). However, Psy-I also tended to present less time and proportion of stage 4 compared to Para-I although these results did not reach significance (p = 0.05 and p = 0.07, respectively).
ASYMMETRY MEASURES
The mean cerebral asymmetry of each group of participants for each cerebral region and frequency band can be found in Table 3 . Table 4 provides asymmetry scores for Night 2 and 3 independently. Positive asymmetry measures indicate higher activity (power) in the right hemisphere than in the left one for the specified frequency band; negative measures suggest higher activity in the left one. A score of zero suggest perfect symmetry. Lower asymmetry scores reflect a more even distribution of the proportion of the specific frequency band whereas higher asymmetry scores represent a greater discrepancy between the two hemispheres. Therefore, asymmetry scores reflect the degree of asymmetry, regardless of the hemisphere of origin (i.e., a decrease of power in one hemisphere or an increase in the other). Results from mixed model ANOVAs performed on asymmetry measures are presented in Table 5 . As the hypotheses referred to differences between groups and nights, only main effects of group and night as well as significant interaction including these factors are presented. Significant differences between groups or nights in asymmetry must be interpreted with caution. As such, a descriptive explanation follows each significant result.
Frontal region
One group effect was marginally significant (p = 0.058) suggesting that higher frontal asymmetry in the omega band is found in www.frontiersin.org GS compared with Para-I, omega activity being predominant in the right hemisphere of GS and left hemisphere of Para-I. At all other frequency bands, the three groups had similar frontal asymmetry over the course of the two nights, as can be depicted in Figure 1 . Significant night effects were found in slow waves (0-1 Hz): higher asymmetry was measured on Night 2 than on Night 3 in all groups. On the other hand, higher asymmetry was found on Night 3 than Night 2 for theta, alpha, beta1, beta2, omega, and gamma activity. However, activity in frequency bands from slow waves to gamma of both nights was higher in the right hemisphere. Only gamma activity preponderance changed from left to right regions from Night 2 to Night 3. No significant interaction including the Group factor could uncover differences between GS, Psy-I, and Para-I.
Central region
No significant group effect was found for any of the frequency bands (see Figure 2 ). Significant night effects in the delta band showed higher asymmetry on Night 3 than Night 2 whereas the opposite result was found in the theta and beta1 frequency bands. Still, in all frequency bands, powers were higher in the right hemisphere. In the delta band, a Group × Night significant interaction was observed: higher asymmetry was found on Night 2 in Psy-I than Para-I (p = 0.04). Psy-I presented more delta activity in their right hemisphere whereas Para-I presented more in their left hemisphere. In the beta2 band, higher asymmetry was found in GS than Para-I (p = 0.04) on Night 3 even if both groups presented more beta2 activity in their right hemisphere.
Parietal region
Figure 3 presents asymmetry scores of GS, Psy-I, and Para-I as measured in the parietal region and in various frequency bands. Significant group effects in the beta1 and beta2 bands showed that Psy-I had higher asymmetry than Para-I (p = 0.04 and p = 0.02, respectively), still both groups presented higher beta activity in the right hemisphere. In the slow wave band, higher asymmetry was found on Night 3 than on Night 2, and conversely, higher asymmetry on Night 2 than on Night 3 was found in the omega band as indicated by significant effects of night. Significant Group × Night interactions in frequency bands from delta to beta1 indicated that, on Night 2, higher asymmetry was found in Psy-I than GS (all ps ≤ 0.03), both groups presenting higher right sided activity. Moreover, on Night 2, from delta to beta2 bands, higher asymmetry was found in Psy-I than Para-I (all ps ≤ 0.04), both groups of insomnia individuals showing increased activity in the right hemisphere compared with the left one. In the gamma band only, higher asymmetry was found on Night 3 in GS compared with Para-I (p = 0.03) suggesting higher gamma activity in GS's right hemisphere than Para-I. Finally, a Group × Stage interaction reached significance in the gamma band revealing higher asymmetry in Psy-I than Para-I in REM (p = 0.01), again the right hemisphere presented higher gamma activity than the left one in both groups of insomnia individuals (0.13 and 0.08, respectively).
ASSOCIATION OF ASYMMETRY AND DEPRESSIVE AND ANXIOUS SYMPTOMS
Pearson's correlations were performed on asymmetry measures that differed between groups and showed stability over the course of the two nights, and scores on the BDI and BAI. In the frontal region, the asymmetry of the gamma activity differed between GS and Para-I. With all participants pooled together, correlations with gamma asymmetry, and BDI scores were nonsignificant (r = −0.06, p = 0.63) suggesting no relation between those two variables. Results for GS alone were similar (r = 0.29, p = 0.20), as were those of Psy-I (r = −0.12, p = 0.58), and Para-I (r = 0.01, p = 0.96). Correlation of frontal gamma asymmetry and BAI scores were also non-significant considering the entire sample (r = −0.21, p = 0.10), GS alone (r = 0.05, p = 0.83), Psy-I (r = −0.34, p = 0.10), or Para-I (r = 0.29, p = 0.31). As for beta1 parietal asymmetry, its relation with BDI scores was marginally significant (r = 0.23, p = 0.07) when all participants were pooled together. Analyses performed on groups separately did not reach significance (GS, r = 0.31, p = 0.17; Psy-I, r = 0.28, p = 0.19, and Para-I, r = 0.40, p = 0.12). Beta2 and BDI scores did not relate neither; all results were non-significant. Neither beta1 nor beta2 parietal asymmetry correlated significantly with BAI scores.
DISCUSSION
In this study, GSs and insomnia sufferers, categorized in psychophysiological or paradoxical subtypes, were compared on measures of cerebral asymmetry to specify the regional relative activity in insomnia at frontal, central, and parietal sites. This approach www.frontiersin.org ; ns, non-significant. was chosen to locate possible activation abnormalities in insomnia subtypes and relate them to other psychopathologies documented in the literature. In addition, the assessment of asymmetry on two nights was performed to document its night to night stability. As for the differences between groups, asymmetry measured at the frontal region suggested a trend, over the course of the two nights, for Para-I to present higher gamma activity in their left hemisphere whereas GS would present more gamma activity in their right hemisphere. Therefore, Para-I showed signs of increased activity in their left frontal region compared with GS. Gamma activity has been linked to attention (Fries et al., 2001) and memory (encoding and retrieving; Montgomery and Buzsáki, 2007) , which are waking functions. In ERP studies, an early gamma response to stimuli is generated in REM and NREM sleep and is thought to be sensory/perceptual processing (Karakaş et al., 2006) . Gamma activity in Para-I is then localized in the opposite hemisphere compared with GS. It is possible that gamma activity, as observed in the present study, does reflect activation linked to the misperception of sleep as Para-I, by definition, do show important discrepancies between subjective estimates and objective sleep data. Other reports of frontal cerebral asymmetry have linked higher activity of the right hemisphere compared with the left to depressive symptoms and/or depression Davidson, 1990, 1991; Gotlib et al., 1998) . Therefore, our Para-I group did not present the frontal cerebral activation pattern of depression or depressive symptoms reported in the literature, even if their score was higher than GS's on the BDI.
On parietal sites, Psy-I presented more beta1 and beta2 activity in their right hemisphere than Para-I over the course of the two nights. Beta activity is also representative of sensory and information processing, attention, and memory (Perlis et al., 2001b) . individuals (Henriques and Davidson, 1990) , others have observed an increase in the activation of the right hemisphere when depressive and anxious disorders coexist (Bruder et al., 1997; Metzger et al., 2004) . None of our insomnia groups differed from GS on parietal asymmetry over the course of the whole two nights of recording. We may then suppose that their asymmetry measures are within what is expected in a normative sample. The higher activation of the right parietal region in Psy-I might be a characteristic of that specific insomnia subtype more than a sign of depressive combined with anxious symptoms since Psy-I and Para-I were equivalent on BDI and BAI scores.
In fact, one of the most surprising result of the present study resides in the fact that asymmetry found in insomnia is independent of depressive or anxious symptoms. As such, no correlation was found between BDI or BAI scores and asymmetry measures. Jacobs and Snyder's (1996) reported a negative correlation between frontal asymmetry and BDI scores during wake and Armitage et al.'s (1993) work demonstrated that asymmetry during wake persisted during sleep. Considering these previous studies, it was expected to find relations between depressive symptoms and asymmetry in sleep. It might then be that this association is not perceptible in sleep or else, maybe the range of scores on depression and anxiety inventories was too narrow to observe significant correlations.
In addition, this study, by considering two nights of recordings, was able to show a variation in cerebral activity between nights in all groups. Asymmetry scores have been considered as stable during wake; asymmetry in sleep might not be. As mentioned earlier, our group (St-Jean et al., in preparation) has observed that all subjective measures of sleep (SOL, WASO, TST, and SE) did www.frontiersin.org not differ from Night 2 to Night 3 in GS, Psy-I, and Para-I. However, by its longer objective WASO and total time of stage 2 sleep, Night 2 sleep appeared less consolidated in all three groups. Consequently, Night 3 was considered a better night of sleep than the second one. Therefore, it is possible that a more disrupted night of sleep is characterized by increased slow wave frontal asymmetry, increased asymmetry in the theta to the beta1 bands in the central region, and increased omega asymmetry in the parietal sites, as was observed on Night 2 compared with Night 3. This would translate in lower right frontal activation as well as higher right central and parietal activation on a poorer night of sleep. On the opposite, an objectively better night of sleep such as Night 3 would increase asymmetry in the theta to the omega bands at frontal sites, in the delta band at central sites, and slow wave activity in the parietal region. Therefore, a better night of sleep would be characterized by increased activation in the right frontal region as well as left central and parietal region. Thus quality of sleep does have an impact on cerebral activation, and as such, on cerebral asymmetry.
Following the same line of argument, differences between groups specific to Night 2 or 3 could be interpreted in light of the objective sleep quality. Night 2, being more disrupted, would affect insomnia subtypes differently. Central delta activity was predominant in the right hemisphere of Psy-I and left hemisphere of Para-I. In the parietal region, on Night 2, activity in the frequency bands from delta to beta1 were increased in Psy-I compared with GS and activity from the delta to the beta2 band were increased in Psy-I compared with Para-I. Consequently, on a disrupted night of sleep, Psy-I showed some hypoactivation in their right central region and increased activation in their right parietal region whereas Para-I and GS were similar in terms of asymmetry. On Night 3, considered a better night of sleep, GS presented more beta2 activity in the central region of their right hemisphere and more gamma activity in their right parietal region than Para-I. Therefore, on a better night of sleep, the right central region of Para-I is relatively hypoactivated compared with the one of GS. Since objective sleep quality appears to affect differently GS and both groups of insomnia individuals in their cerebral activity during sleep, it now suggests that sleep quality must be assessed in EEG-based studies in order to interpret adequately differences between groups.
Since signs of sleep deprivation during wake in insomnia sufferers have been observed by means fluorodeoxyglucose positron emission tomography (Nofzinger et al., 2004) , we might ask if the observed asymmetry in insomnia is a consequence of sleep deprivation. Ferrara et al. (2002) have reported that deprivation of slow wave sleep increased activity in the left central region of GSs. Our results are difficult to reconcile with these observations. First, none of our groups has shown a significant difference in slow wave sleep between nights and, second, a more disrupted night, which was following an adaptation night, was associated with a higher activation in the right central region in Psy-I, the opposite of what was found in Ferrara and colleagues deprivation's study. However, it suggests that slow wave sleep deprivation and poor nights of sleep do not produce similar repercussions on cerebral asymmetry during sleep, in particular, in the central region.
Limitations of this study firstly concern cerebral asymmetry: it is a measure obtained by computing differences between powers observed at two sites and therefore represents a relative increase in power on one side compared to the other. As such, comparing these differences between groups or nights has limited interpretation. The choice of using EEG as the measure of cortical activity has a superior temporal resolution although a less accurate spatial resolution compared with other measures in neuroimaging. At the statistical level, successive analyses were necessary to tests our hypotheses leading to higher risks of reporting significant results when they are not. As well, the high number of factors included in the analyses made the interpretation of second order interactions difficult. Moreover, differences between groups attributable to sleep quality variation are descriptive, not statistical, since sleep quality could not be entered in the statistical model as it would have considerably made more complex the interpretation of the results. In addition, the analyses performed could not assess the impact of the sleep quality of one night on the following one, such as the effect of the adaptation night on Night 2. Also, due to the number of participants, correlational analyses should be considered with caution. Finally, only epochs of consolidated sleep stages were selected for the computation of PSA. Consequently, we cannot pretend that the results also extend to stages transitions which might present different activation patterns which were not investigated.
CONCLUSION
Two novel findings emerged from this study. It was shown that psychophysiological and paradoxical subtypes of insomnia present different and unique patterns of cortical activation. Para-I tend to present hypoactivation of their left frontal region but hyperactivation of their right one. As for Psy-I, they present increased activation of their right parietal region compared with Para-I. Those particular patterns of cortical activation did not relate to patterns of asymmetry found in depression and anxiety and did not correlate with scores at the BDI and BAI. As such, psychophysiological and paradoxical insomnia disorders do not share similarities with depression and anxiety's cortical activity topography and, thus, are less likely to contribute to each other's pattern. However, these results are important for the choice of recording sites in future research on cortical activation may they apply PSA, cerebral asymmetry, fractal domain, ERPs, or another EEG recording method. In addition, it was observed that asymmetry fluctuates between nights, which is thought to be related to objective sleep quality. On a more disrupted night of sleep, Psy-I have increased activity in their right parietal region and, on a less disrupted one, Para-I present a decrease of activity in the right central region. Additional research is needed to confirm the association of sleep quality and cerebral asymmetry. The classification of recording nights as good or bad ones independently of their order in time, such as Devoto et al. (2005) have applied in an ERPs study in insomnia, could also be useful to ascertain the relation between sleep quality and activation at precise cortical sites. Besides, in the sub-classification of insomnia participants, a considerable number of individuals, 23% of the sample, were excluded from this study as they presented characteristics of both Psy-I and Para-I: they showed objective sleep difficulties as well as an overestimation of those. Therefore, information on this unexpected profile of insomnia has not been analyzed and needs additional attention as to whether they are an extent of one of the other insomnia sub-groups or an independent one. Furthermore, the degree of asymmetry could be studied in relation to the degree of the sleep misperception found in a chronic insomnia group. Future research could also evaluate asymmetry in insomnia considering age and gender since PSA measures are affected by those factors (Buysse et al., 2008) . Additionally, evaluating asymmetry in individuals with multiple risk factors for insomnia and remitted patients could specify if asymmetry is a marker of the diagnosis or a predictor of vulnerability to insomnia. Also, since some studies on the effects of non-pharmacological treatment for insomnia have shown either reduction of hyperactivation during sleep (Cervena et al., 2004) or normalization of the hypoactivation during fluency tasks (Altena et al., 2008) , we might ask if cognitive behavior therapy for insomnia would also normalize cerebral asymmetry particularities observed in insomnia sufferers.
